INTRODUCTION
In connection with work reported in the following paper, 1 in which anisotropic empirical intermolecular potentials for the ArSF6 and KrSF6 interactions are determined, we decided to first study the ArXe and KrXe systems, the closest spherical analogues to ArSFG and KrSFG• In this paper we report the most accurate interatomic potentials yet determined for these systems.
Several studies of the van der Waals potentials for the ArXe system 2 -5 and the KrXe system ~- 6 have been reported in recent years, but none used as wide a variety of high quality data as is used herein, and a recent compilation7 ranks none of the potentials available for these two systems as better than Class II whereas Class I potentials are available for many of the other noble gas interactions.
In Section II of this paper we report new, high-quality crossed molecular beam measurements of differential cross sections (DCS) for these systems. Then, in Section III we determine the interatomic potentials by simultaneously fitting these DCS data, the accurate viscosity (n) data of Kestin, ~· !!, 8 and the second virial coefficient (B) data of Brewer 9 and of Rentschler and Schramm. 10 The three properties (DCS, n, and B) used in the fitting are complementary ones for that purpose. For these pairs of heavy noble gas atoms, the measured DCS at the 64 meV (0.0024 a.u.) relative kinetic energy used is most sensitive to the attractive potential from rm out to the asymptotic long range region, and the rainbow and supernumerary oscillations give detailed information about that part of the potential. Although n and B show much less structure than the DCS, they have the advantage of being absolute rather than relative values. The n are most sensitive 5 to the wall of the potential from rm inward to a point where the potential is repulsive by about 1000°K
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II. EXPERIMENTAL Elastic differential cross sections for the scattering of Ar and Kr by
Xe were obtained by crossing a beam of Ar or Kr with a Xe beam at 90° and measuring the scattered intensity of the Ar or Kr as a function of angle in the plane defined by the beams, using a rotatable, electron impact ionization/quadrupole mass spectrometer detector. The crossed beam apparatus used in these experiments, shown schematically in Figure 1 , is discussed only briefly here as it has been described in detail previously. .
-5-tial cross section measurements are then time-normalized with respect to variation in the reference signal, to correct for long-term drift in the experimental apparatus.
The ·elastic scattering signal is measured at each angle typically 3 to 5 times, in order to improve the signal to noise ratio and also to establish the statistical uncertainty in the measurements. The results of the measurements are shown in Table I for ArXe and in Table II for KrXe. Note that the measurements were made using a nominal laboratory angle which puts the primary beam at -0.4°. This has been corrected so that the tables give the actual laboratory scattering angle from the center of the primary beam.
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III. CALCULATIONS
A.
M3SV Potential
The interatomic potential we use is an M3SV generalization of the Morse-spline-van der Waals (MSV) form; as sketched in Fig. 2 . In regions i • I, II, and III, it is represented by Morse potentials,
These Morse potentials are chosen so that they are continuous and have con- 
-7-so that ar is the only independent parameter in VI•
The potential V is represented in Region IV as a single cubic Hermite spline,
where x =-r/rm is a reduced distance, and in Region V by the asymptotic London or van der Waals expansion,
Given Vni and Vv, Vrv is completely determined by the requirements of continuity of the potential and its slope via ( 9) (10)
' (11) and
Thus, although this M3SV form appears to have 18 parameters, only 10 (e:, rm, ar, aii• aiii• x1, x2, and the Cn) are independent, the remaining parameters being determined by the continuity requirements. In practice the 3 Cn are assumed known and varied only if the data cannot· be fit otherwise. Similarly, x1 is usually taken as the inflection point of VIII• -8-and X2 is usually held fixed at some value (-1.5) such that r2 (• rmx2) is large enough that the series in Eq. (8) is expected to be adequate but (13) small enough to prevent the spline in Eq. (7) (2) one must "use the tail to wag the dog" in Region IV. That is, as drawn to scale for a typical interaction in Fig. 2 , Region IV is rather large, and if € and rm are fixed, the potential in that region can only be varied by varying the parameters (alii and the Cn) of Regions III and V. This is important because it is precisely Region IV which dominates in the rainbow scattering of these pairs of large noble gas atoms. The discontinuous second derivative problem is closely related. At most boundaries the discontinuity in a 2 v/ar 2 is small or zero, but at x 1 it can be appreciable, and that is worrisome because it gives the potential no genuine point of inflection, and it is known 12 that the behavior of the potential near the point of inflection is very important to rainbow scattering. To try to improve the potential we also did some calculations with an MQV potential in which a quintic spline assures continuous value, first derivative and second derivative at x1 and X2•
• -9-However, this turned out to make the transition from Morse to van der Waals behavior occur within a short space located in the url.ddle of Region IV with a sharp unphysical bend in the potential occurring there, and resulted in poorer fits to experiment, so that it was abandoned. Empirical intermolecular potential forms that remove these problems without losing the advantages of MSV-type potentials are needed.
B. Differential Cross Sections
The center of mass differential cross sections (CMDCS) were obtained from the usual formulas 13 using WKB phase shifts calculated via 10-llt point Gauss-Mehler quadrature at 700 (900) partial waves for ArXe (KrXe).
The cross sections were calculated at 211 (220) CM angles at each of 7 CM velocities fot ArXe (KrXe) to span the extremes needed in the averaging, and then two dimensional spline interpolation was used to generate the CMDCS at all velocities and angles needed. This procedure was checked and found to be converged with respect to the number of CM velocities and angles used.
For an idealized experiment, the laboratory signal would be proportional (14) where (see Figure 3 ) ~1 and ~2 are the initial laboratory velocity vectors of the primary (detected) particle (Ar or Kr) and secondary particle (Xe), respectively, and nL • (9,~) is the laboratory solid scattering angle with the axes shown in Figures 1 and 3 . Icm is the center of mass differential cross section or scattered intensity, vr is the magnitude of the CM relative velocity, u1 is the_velocity of particle 1 in the CM frame and is is a trapezoid centered on zero with parameters given by Figure 4 and Table   III . Symmetry of scattering about the plane allows us to actually take only positive x in evaluating (15). F is a trapezoid centered about the experimental scattering angle t 0 • In principle 17 its parameters should depend on t 0 ; however, the angular resolution is most important at small angles, so that the values in Table III are those appropriate for small angles. We note that without increasing the dimensionality of the quadrature one could account for all the dimensions of the scattering 'center leaving only 2 of the 11 dimensions (the nonperpendicularity or the divergence of the secondary beam) unaccounted for by using more complicated convolutions and t 0 dependent effective detector functions; 17 however, that is unnecessary here.
The averaging that most affects the resolution is that over the magnitudes of the velo~ities of the beams. The distributions, normalized to unity when integrated over velocity, are those appropriate to nozzle beams, (16) The most probable velocities, widths, and parameters of this distribution for each of the beams are given in Table III . They correspond to a most probable ·,.,1 -12-relative velocity of 6.34 x 10~ em/sec (4.91 x 10~ em/sec) and a most probable relative kinetic energy of 740°K or 63.8 meV (742°K or 63.9 meV) for ArXe (KrXe).
The ~ and x angular averages were performed using 16 and 4-point GaussLegendre quadrature, respectively, and the v1 and v2 averages used 5-point
Gauss-Hermite quadrature. The resulting averaged signal is normalized to correspond to A 2 /sr units, and the relative experimental signal is scaled to the absolute calculated signal. The scaling factor is chosen to minimize the error discussed later.
C. Mixture Viscosities
The procedure used for calculating the viscosities, n, of the Ar-Xe and Kr-Xe mixtures has been detailed elsewhere. 18 ' 19 Briefly, the Q(n) cross sections 18 were calculated at 17 relative energies between 8/kB • 50 and 18000°K on a logarithmic spacing, 19 using quantum phase shifts at the partial waves at low energies where three turning point problems could occur and WKB phase shifts elsewhere. The maximum partial wave needed varied with energy and was found to be adequately given by 1max • 50+10k (60+12k) for ArXe (KrXe), where k is the wavenumber in atomic units. The collision integrals n(n,s) were then obtained using 6-point Lagrange interpolation and To get a potential that will fit all three properties within experimental error it is necessary to fit the properties simultaneously. For example, if we fit the DCS alone, it is easy to find a potential which fits every oscillation in the DCS beautifully, but such a potential gives values of B and 1' 1 that are far outside experimental error bounds, and that potential cannot be simply adjusted to correct B and 1' 1 without destroying the DCS fit.
Fits to two properties still do not fit the third. For example, one potential which fit the ArXe DCS and B gave an n which is too large by.more than three times the experimental error. Fitting the three experiments simultaneously was much more of a challenge than fitting any two. To do so without trying to compare "apples and oranges," we proceeded as follows: A set of parameters was assumed and the three properties calculated at the experimental points. Then, the dimensionless mean square deviation oj 2 from the jth experiment was calculated from (17) where Pji and Pji are, respectively, the calculated and experimental values of property j at point (angle or temperature)!, and tlji is the experimental uncertainty of property j at point i. We note that with this definition, oj 2 and oj are less (greater) than unity if the average deviation -14-of the calculated property from experiment is less (greater) than the experimental uncertainty. Then, an overall dimensionless root mean square deviation was obtained from (18) and the calculations were iterated to minimize this overall 6.
To prevent improper weighting of one experiment relative to the others it is important that the uncertainties ~ji be as realistic as possible and contain an estimate of the maximum systematic error limits as well as statlstical errors. Assessing these uncertainties necessitated a number of discussions (see acknowledgments) with appropriate experimentalists. For the uncertainties ~B we used ±2 cm 3 /mole for the Brewer 9 data and ±6 cm 3 /mole for the Rentschler and Schramm 10 data for both systems. For the n data 8 for both systems we used 0.4% for most of the points and 0.7% for the points at the lowest two temperatures as they appear to deviate by that amount from any smooth curve that can be drawn through the data. For the DCS data we began by using the 95% confidence limits, ~i • 2ai, where the ai are the standard deviations in Tables I and II implemented. However, we did calculate approximate sensitivities and found them very helpful in guiding the changes to be made in the parameters as the calculations proceeded.
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IV. RESULTS AND DISCUSSION
The parameters of the resulting ArXe and 'KrXe potentials are listed in for ArXe (KrXe) and were not varied to any extent. However, the CG coefficients (Table IV) The uncertainties shown in Table IV are the changes in each parameter that will raise the overall deviation o by 0.02. Any change of a single parameter by more than the uncertainty shown will result in a significantly worse fit to one or more of the three properties used here. However, if one were to fit additional data simultaneously with these properties, changes of these parameters by several times the uncertainty shown are probably possible if several parameters are changed in largely compensating ways. In particular, the uncertainty in a1 is large because none of the data available is sensitive to the repulsive wall of the potential at energies above about 1000 K. To see how well these potentials can predict a property not included in the fitting procedure, we have calculated the diffusion coefficients, and • ~~, are almost the same as those obtained here, we expect any change required in these potentials due to inclusion of the integral cross section data to be very small. However, that data, like the DCS, is sensitive to the attractive part of the potential, and it would be an interesting test of the spline portion of these potentials to see how well they reproduce those results.
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V. CONCLUSION
In this paper we have reported high quality differential scattering cross sections for the ArXe and KrXe systems. Using these data and complementary viscosity and virial coefficient data, we have determined interatomic potentials that simultaneously fit all three properties within experimental error. The resulting potentials were tested against diffusion data and found to predict it very well. These are the first Class I multiproperty potentials to be determined for these two systems.
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4.
Trapezoid parameters used for effective detector height and width. The full width at half maximum is 2A, and each sloping region (penumbra) is of length 2B.
-31- 10. KrXe interaction second virial coefficients. The notation is that of Figure 9 .
11. ArXe diffusion coefficien~s in cm 2 /sec versus absolute temperature. The solid line is calculated; the experimental points are from Refs. 26-28. 
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